The FY3 (Feng-Yun-3) GNOS (GNSS Occultation Sounder) mission is a GNSS (Global 15 Navigation Satellite System) radio occultation mission of China for remote sensing of Earth's 16 neutral atmosphere and the ionosphere. GNOS will use both the Global Positioning System 17 (GPS) and the Beidou navigation satellite systems on the China Feng GNSS occultation validation tests show that GNOS can acquire or track low elevation radio 1 signal for rising or setting occultation events. The refractivity profiles of GNOS obtained 2 during the mountain-based experiment were compared with those from radiosondes. The 3 results show that the refractivity profiles obtained by GNOS are consistent with those from 4 the radiosonde. The RMS of the differences between the GNOS and radiosonde refractivities 5 is less than 3%. 6
Introduction 7
When a receiver on-board a low Earth orbiting (LEO) spacecraft tracks a Global Navigation 8
Satellite System (GNSS) satellite in higher orbits as it sets or rises through Earth's 9
atmosphere, a radio occultation (RO) occurs. The recorded phase and amplitude of the radio 10 waves during the occultation can be analyzed to produce neutral atmospheric (stratosphere 11 and troposphere) parameters, including refractivity, density, pressure, temperature, and 12 humidity, as well as ionospheric Total Electron Content (TEC), refractivity and electronic 13 density profiles. angle and refractivity profiles almost down to the Earth's surface by application of radio 31 holographic inversion methods (Sokolovskiy et al., 2007; Anthes et al., 2008) . 32 the study of the atmosphere, especially, for numerical weather prediction, climate, and 11 ionospheric research and space weather. Therefore, with growing demands for weather and 12 climate information for disaster prevention and reduction, climate change response, 13 ecosystems management, agriculture and forecasting, it is important that the Chinese Feng-14
Yun (FY) series satellites carry the GNSS occultation instrument to contribute to the global 15 observing system. 16
The GNOS mission (Bi et al., 2012) consists of a GNSS radio occultation explorer for remote 17 sensing of both the Earth's neutral atmosphere and ionosphere, on China's FengYun-3 (FY3) 18 02 series satellites. The first of this series, FY3-C, was launched at 03:07 UTC September 23, 19 2013. The GNOS instrument was developed by Center for Space Science and Applied 20
Research, Chinese Academy of Sciences (CSSAR). A distinctive feature of GNOS is that it is 21 capable of using both the Beidou and GPS navigation satellite systems to provide radio 22 occultation measurements of the atmosphere. 23
This paper provides a basic introduction to the GNOS instrument. In addition, it shows some 24 simulation results of GNOS occultation events using the Regional Beidou and GPS 25
constellations. Finally, we present the instrument performance as derived from analysis of 26 measurement data in the laboratory and mountain-based occultation validation experiment. 27
The GNOS instrument 28
The GNOS instrument consists of three antennas, the Positioning Antenna (PA), the Rising 29 connected to its RFU with sharp cavity filters, which are placed close to the antennas to 3 protect the GNOS from the complex RF environment onboard FY3-C. Each RFU is 4 connected to the EU. A photograph of the instrument is shown in Fig.1 . 5
The PA is a wide beam with hemispherical coverage, low-gain antenna pointing at zenith. The 6 GNOS instrument is capable of tracking up to six Beidou satellites and more than eight GPS 7 satellites through this antenna. These measurements are used for real-time navigation, 8 positioning as well as for precise orbit determination through post-processing on the ground. 9
The along-velocity viewing antenna ROA (including RIOA and RAOA) and anti-velocity The design specifications of GNOS are summarized in Table 1 ; it can be seen that some 15 parameters of the FY3 GNOS are comparable to those of COSMIC (Rocken et al., 2000) or 16
Metop/GRAS (Loiselet et al., 2000). 17
The mass for the whole GNOS instrument is around 14 kg. The power consumption in full 18 operation (Beidou and GPS, navigation and occultation) is about 40 W. The average GNOS 19 data rate is 86 kbit/s, with peaks of up to 170 kbit/s. The characteristics of GNOS are 20 displayed in Table 2  21 3 GNOS occultation events simulation 22
The Chinese FY3 weather satellites will be in sun-synchronous orbits with an altitude of 836 23 km and inclination of 98.75 degrees. Knowing the key parameters of FY3-C, we can simulate 24 its orbit. A regional Beidou (China Satellite Navigation Office, 2012) constellation of 14 25 (5GEO (Geosynchronous Orbit satellites) + 5IGSO (Inclined Geosynchronous Stationary 26 Earth Orbit satellites) + 4MEO (Medium Earth Orbit satellites)) satellites and a full GPS 27 constellation of 32 satellites acting as transmitter system were assumed. The simulation 28 period was 24 hours. With the limitation of the GNOS instrument occultation channel number 29 described in Table 1 
GNOS performance testing and analysis on ground 3

Laboratory tests 4
Important performance characteristics for a user of RO measurements are the code and carrier 5 phase measurements precision and real-time navigation precision. These properties were 6 analyzed in the lab. 7
The tests employed for the GNOS measurements performance study were conducted on 8
Beidou and GPS signal simulators, which allow for a realistic modeling of a space-borne 9 FY3-C user trajectory. The "Virtual" Zero Baseline test (VZB) method (Montenbruck et al., 10 2006) was adopted to measure the precision of the observations, which was designed to 11 require only a single receiver unit. A week-long consecutive test was carried out with a 12 simulator output signal power level of -123dBm for GPS L1C/A, Beidou B1 and B2, -13 126dBm for GPS L2C and -129dBm for GPS L2P. The results showed that the pseudorange 14 measurement precision was less than 17cm for Beidou B1I (SNR=48dB), less than 30cm for 15
Beidou B2I (SNR=48dB), less than 16cm for GPS (L1C/A SNR=48dB, L2C SNR=45dB, 16 L2P SNR=33dB). And the carrier phase measurement precision was less than 1. values. The navigation errors were less than 3m for Beidou in three dimensions of WGS84 22 coordinates, and less than 1m for GPS. The noise properties of the navigation measurements 23 lasting about 700s are shown in Fig. 6 . 24
GNOS performance testing in mountain-based validation experiment 25 A GNOS validation experiment was performed in collaboration with National Meteorological 26
Administration of China (CMA) on the top of Mt. Wuling from September 13 to 28, 2011 in 27 order to obtain atmosphere parameter profiles near the Earth's surface and validate the 28 performance of GNOS prototype before its launch. However, in that period the Beidou 29 constellation was not operating, so we focused on GPS occultation testing.
7
The GNOS occultation antenna was installed in the roof of a hotel on the top of Mt. Wuling 1 located at an altitude of about 2038m. The southward view gives the best unobstructed view 2 of the horizon. The GNOS prototype receiver and the computer were placed inside the hotel. 
Along the section of path below the receiver, the Abel formula can be used to describe the 20 relationship between the partial bending angle and the atmospheric refractive index as 21
Where ) ( ' a  is the ray partial bending angle, a is the impact parameter, n is refractive index 23 below the altitude of the receiver, n R is the refractive index at the receiver, and r R is the radius 24 of the receiver. Eq. (2) can be inverted with 25
Using the processing described above，We succeeded in retrieving the refractivity profiles 27 over the south area of Mt. Wuling from CL and OL measurement data. These profiles were 28 consistent with radiosonde observations near Mt. Wuling (about 100 km south of the 1 experiment site). The radiosonde data were downloaded from the NOAA radiosonde website. 2
For example, differences in one occultation event between retrieved profiles and nearby 3 radiosonde profiles within one hour are shown in Fig. 8 . 4
We found 15 pairs of GNOS and radiosonde data whose time interval were less than one hour. 5
The RMS difference between the GNOS and radiosonde was 2.88% in GNOS closed-loop 6 (CL) tracking results and 2.75% in GNOS open-loop (OL) tracking results. Moreover, GNOS 7 OL tracked longer in time of duration and lower in elevation than CL tracking. The lowest 8 tracked elevation of occultation events was -2.99° in CL and -3.36° in OL. In conclusion, 9 GNOS OL performed better than CL, and the statistical result shows that RMS of the relative 10 difference between the GNOS and radiosonde is less than 3%. 11
In addition, we also carried out a complementary mountain-based validation experiment in 12 same place in 20-27 September 2012, in order to test the capability of GNOS to track the 13 Beidou system. However, at that time Beidou did not provide regional services formally. 14 About 2 MEO occultation events were observed daily without precise ephemeris, so we just 15 carried out a GNOS Beidou occultation functional test. Fig. 9 shows the first refractivity 16 profile retrieved by Beidou MEO satellite occultation measurements (PRN = 12) as well as a 17 GPS occultation event (PRN = 14) that took place within half an hour. The GNOS refractivity 18 profiles from the Beidou and GPS satellites show basic agreement. 19
Conclusions 20
The GNOS (GNSS Occultation Sounder) is a new generation instrument for the Chinese FY 21 series meteorological satellites for radio occultation sounding of Earth's neutral atmosphere 22 and ionosphere. The GNOS observations will provide important contributions to the global 23 observing system by providing accurate and precise radio occultation soundings in all-24 weather conditions. GNOS was designed for observing setting and rising occultation from 25 both the Beidou and GPS navigation satellite constellations. In mountain-based experiments, the refractivity profiles of GNOS from GPS and Beidou were 31 compared with those of nearby radiosonde data within one hour. The comparison showed that 32 the refractivity profiles obtained by GNOS were consistent with those of the radiosonde. The 1 RMS difference between the GNOS and radiosonde was less than 3%. Pseudorange precision ≤30cm
Carrier phase precision ≤2mm 
